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Backgrounds

• Superconducting Strip Photon Detector (SSPD)

• Single photon detector

» Geometric structure:

• Superconducting thin film

• Nanostripline

» Characteristics:

• High-speed operation frequency

• High detection efficiency

• Low timing jitter

» Mechanism of photon detection

• Unclarified
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Purpose of study

• Present convincing theory [1-3]

» “Vortex antivortex pair” (VAP) is 

generated in a photon absorption 

point. 

» VAP is unbound by the Lorentz force 

due to the bias current.

» Flux quantum is emitted from the 

edge of SSPD.
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Direct detection of flux quantum originated from VAP

Purpose



How to detect a flux quantum
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Using single-flux-quantum (SFQ) circuits

• SFQ circuit uses an SFQ as a 1-bit information carrier

• Monolithic integration of nanostrip line (SSPD) with SFQ circuits



Monolithic integration of a nanostripline with SFQ circuits
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• The top layer of SFQ chip (CTL Pattern) consists of Nb.

→ Processed into a Nb nanostripline

[4] S. Nagasawa et al., Electron. Lett., vol. 30, no. 10, p. 761, 1994.

Cross section of SFQ chip (AIST 2.5 kA/cm2Nb STP2) [4]



Fabricated nanostripline (SSPD)
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• SFQ chip

» thickness t = 500 nm

» width W = 10 μm

• Nanostripline

» thickness t = 50 nm

» length l = 5 μm

» width w = 0.1 μm

Thinned 

region

Electron beam lithography

+

Reactive ion etching



I-V characteristics of a nanostripline fabricated on SFQ chips
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• Confirmed superconducting state

• Critical current ~ 40 μA



Required properties for the detection of an SFQ
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→ Sampling frequency higher 

than 500 MHz

→ Sensitivity less than 4 μA

Required properties



Input sensitivity of Josephson comparators
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• Characteristics change with frequency change.

• Input current sensitivity is about 4 μA.

SFQ pulse（VPULSE）
number： 10,000 cycles

frequency： 50 kHz,

100 kHz,

200 kHz



Measurements of spontaneous emission of flux 

quantum from SSPD using SFQ circuits
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• Flux-quantum detection circuits

» 10,000-cycle sampling

» Clock frequency： 50, 100, 200 kHz

» Counting output pulses with controlling Ib

• Superconducting nanostripline

» Not illuminated



Measurement results of spontaneous emission of flux 

quantum from SSPD

11

• Confirmed exponential characteristic as a function of bias current Ib
• Red dashed curve shows the case of normal transition of SSPD

• The possibility that a flux quantum generated by SSPD is directly detected.

case of normal transition



Summary

• We monolithically integrated an SSPD with SFQ circuits to 

directly detect a flux quantum from SSPDs.

» Design

• Connecting a nanostripline directly with SFQ circuits

• Capturing flux quantum generated from a nanostripline using SFQ 

circuits

» Fabrication

• Monolithic integration of a nanostripline and SFQ circuits on the same 

SFQ chip

» Element test results

• Superconducting state is confirmed in the nanostripline.

• Josephson comparator has required input sensitivity.

» Measurement results of spontaneous emission of a flux quantum

• Exponential dependences as a function of the bias current is confirmed.

• The possibility of the direct detection of a flux quantum  is shown.
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Appendix

14



Layer constructions of STP2
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Counting flux quantum pulses

• In the case of… τ << T

• Output probability P is as follows
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τ: Time constant

T:  Time of sampling clock

r:   Rate of spontaneous emission 

r
r

P 
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SFQ detect circuit, josephson comparator
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SFQ detect circuit comparator



Construction of SFQ detection circuit
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Using Josephson comparator



Measurement setup (nanostripline)
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Input sensitivity of Josephson comparator

In order to realize high sensitivity...

• Gray zone width: ΔI

• Input sensitivity: logic “0” = Ith0
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ΔI < 1 μA

Ith0 = 0 μA
Target


